A plethora of cytoplasmic motors contribute to the directed transport of a wide range of cellular organelles and molecules. Recent studies have advanced our understanding of cargo attachment to motor molecules and the regulation of intracellular transport. Intracellular transport relies on both long and short range movement of organelles and molecules along cytoplasmic microtubules and actin filaments. These cytoskeletal filaments are intrinsically polar structures, because of the asymmetric, head-to-tail polymerization of their constituent subunits. In combination with the unidirectional molecular motors -the kinesins, dyneins and myosinsorganized arrays of polar filaments provide a mechanism for partitioning cellular organelles and molecules within the cytoplasmic compartment. Beyond the general principles of how a cytoskeletal motor can attach and translocate along its filamentous substrate with cargo in tow, the molecular details of how cargo transport is regulated are only beginning to emerge.
Intracellular transport relies on both long and short range movement of organelles and molecules along cytoplasmic microtubules and actin filaments. These cytoskeletal filaments are intrinsically polar structures, because of the asymmetric, head-to-tail polymerization of their constituent subunits. In combination with the unidirectional molecular motors -the kinesins, dyneins and myosinsorganized arrays of polar filaments provide a mechanism for partitioning cellular organelles and molecules within the cytoplasmic compartment. Beyond the general principles of how a cytoskeletal motor can attach and translocate along its filamentous substrate with cargo in tow, the molecular details of how cargo transport is regulated are only beginning to emerge.
We still do not understand how a cargo becomes linked to a specific motor (among the many!) to ensure its delivery to the appropriate subcellular location. Moreover, some cargoes are non-selectively transported, but specifically retained or tethered upon reaching their proper destinations [1] . We also know very little about mechanisms that affect the release of cargo from motors, once they are delivered. Yet, cell biological and genetic studies have clearly demonstrated that cytoskeleton-based transport and motor function impact all dynamic aspects of cell behavior, including cell division, the generation and maintenance of cell polarity, cell signaling and cell motility [2] . Thus, understanding the regulatory mechanisms that control motor function is important for attempts to define the basic cellular processes gone awry in numerous disease states, including cancer, birth defects, deafness, respiratory disorders and neurodegenerative disease.
To elucidate the mechanisms that regulate motor function, the 'tails' of the heavy chain subunits and the associated proteins that they interact with are a current focus of investigation. This focus reflects our current understanding of motor structure. In general, force production is attributed to the conserved globular head domains, and cargo attachment or subcellular targeting to the relatively divergent tail domains. In the case of kinesins, most motor isoforms translocate toward the plus ends of microtubules. The surprising discovery of 'minus-end' kinesins, however, underscores the need to resolve how a specific kinesin motor comes to associate with a given cargo, or function. Part of the answer is thought to lie in the kinesin-associated proteins that bind the divergent kinesin tails and mediate the functional specificity of distinct kinesin motors (for an excellent review of the growing number of kinesin-associated proteins, see [3] ).
A new linkage to Sunday Driver
Kinesin I, or conventional kinesin, is an α 2 β 2 heterodimer, containing two heavy chains, and two light chains which bind to the tails of the heavy chains ( Figure 1 ). Although kinesin I was originally identified by its role in the anterograde transport of axonal organelles, the specific mechanisms that underlie cargo attachment have been elusive. General organization of kinesin I and its constituent light and heavy chain subunits. The amino-terminus of the kinesin heavy chain (KHC) forms a large globular head containing the motor domain. A small 'neck' (N) connects the head to the tail domain, which consists of a stretched coiled-coil structure (CC), a hinge domain (H) and a small carboxy-terminal globular region. The kinesin light chain (KLC) contains a small coiled-coil region at the amino terminus and a globular domain at the carboxyl terminus. In the central domain of the KLC there are six imperfect repeats of 34 residues each, which are similar in sequence to both tetratrico peptide repeats (TPR) and DnaJ-like motifs. The kinesin I holoenzyme contains two KHCs, and two KLCs which bind to the KHC tails through their amino-terminal domains. Bowman et al. [4] have recently shed new light on the attachment of vesicular cargoes to the tail of kinesin I. Mutations in the microtubule motors kinesin I or cytoplasmic dynein disrupt axonal transport in Drosophila and cause a characteristic defect in larval motility [5] [6] [7] . A genetic screen for additional mutations with a similar defect has identified a new Drosophila gene, sunday driver, which is broadly conserved and required for kinesindependent transport of a subset of post-Golgi secretory vesicles. Analyses of the homologous fly and mouse genes provided evidence that sunday driver encodes a membraneassociated protein that binds directly to the light chain located on the tail of kinesin I.
A role for the kinesin light chains in cargo attachment was previously predicted [8] , and subsequent work has supported this prediction [9] [10] [11] . The light chain subunit has a central domain of imperfect tandem repeats that exhibit homology to the 'tetratrico peptide repeats' that are known in other contexts to be involved in protein-protein interactions [12] . Significantly, Stenoien and Brady [11] showed that an antibody against the third tandem repeat blocked axonal transport of organelles and released kinesin from vesicles, implicating the light chain tandem repeat in the membrane association of kinesin I. Bowman et al. [4] have now shown that the same antibody specifically blocks the association between kinesin light chain and Sunday Driver. Biochemical studies confirmed that the direct interaction with the tetratrico peptide repeat of the light chain occurs through the amino-terminal domain of Sunday Driver.
The role of the light chain tandem repeats in cargo attachment may be still more interesting. In addition to their homology to tetratrico peptide repeats, the tandem repeats of the kinesin light chain also show structural similarities to DnaJ-like motifs that are implicated in specific protein interactions with Hsp70 class molecular chaperones. Tsai and coworkers [13] showed that the mammalian chaperone Hsc70 could induce significant release of kinesin from purified vesicles, and speculated that Hsc70 regulates the release of kinesin from cargo upon arrival at a specific subcellular location. Intriguingly, a mammalian homolog of Sunday Driver, JSAP1 or JIP3 [14, 15] , was previously identified as a scaffold protein that binds the Jun N-terminal kinase (JNK). Does JNK regulate the binding of Sunday Driver and/or kinesin I activity through the modification of the kinesin light chain? Alternatively, the Jun kinase may itself be a cargo transported by kinesin I. Further functional studies will be needed to confirm a relationship, if any, between the JNK signaling pathway and kinesin I.
Cargoes as drivers or passengers?
The action of Sunday Driver in kinesin function may extend beyond cargo attachment, and serve to coordinate motor activity with cargo binding. In vitro, soluble kinesin I exists in an inactive conformation at physiological ionic concentrations, inhibited in its microtubule-stimulated ATPase and motor activities. Several recent studies [16] [17] [18] have provided insights into the mechanism that accounts for inactivation of the folded kinesin conformation. In the absence of attached cargo, the tail domain can fold back to inhibit motor domain activity. In contrast, folding was found to be prevented, and motor activity high, when an artificial cargo -glass beads -was bound to the tail domain. Whether there is a distinct role for the kinesin light chain in this auto-inhibitory mechanism, and whether inhibition might be regulated by post-translational modifications of the kinesin light chain, are not yet clear [19] . It is notable, however, that the binding site for the kinesin light chain lies near the heavy chain tail domain that is required for motor inhibition in the folded conformation. The binding of cargoes, such as Sunday Driver, to the kinesin light chain may thus activate kinesin I by sterically blocking the interaction of the heavy chain tail and motor domains. This impact on motor activity suggests that cargoes might not be simple passive passengers, but rather more active participants or 'drivers' of their own transport (Figure 2) .
Judging from the diversity of cellular cargoes in need of transport, there must be other 'drivers' out there looking for their motor. Is kinectin, originally reported as a kinesin binding protein located on endoplasmic reticulum membranes, another such driver for kinesin I? Although the function of kinectin is controversial, recent work has provided new evidence that kinectin binds directly to the tail of the kinesin I heavy chain [20] . Indeed, the kinectin binding site also lies in the tail domain required for the self-inhibitory interaction of the motor domain, and appears to enhance the microtubulestimulated ATPase activity of kinesin I.
Are there analogous drivers for the microtubule motor, cytoplasmic dynein? Rhodopsin may be a dynein receptor similar to Sunday Driver, in that it provides a direct link between a vesicular cargo and the dynein motor. Tai et al. [21] previously reported that the carboxy-terminal cytoplasmic tail of rhodopsin, a transmembrane protein, directly binds the dynein light chain, Tctex-1. This interaction provides for the translocation of rhodopsincontaining vesicles in vitro in a dynein-dependent fashion. Moreover, naturally occurring mutations in rhodopsin's carboxy-terminal tail inhibit Tctex-1 binding and are responsible for retinitis pigmentosa. Unlike kinesin I, however, with dynein there is presently no evidence for an inactive motor conformation that is activated upon the attachment of a cargo. It will take further effort to clarify whether rhodopsin or other, yet to be identified, dynein receptors can modulate motor activity, or are strictly 'passengers' looking to hitch a ride.
In contrast to Sunday Driver and rhodopsin, the connection between cargoes and the tails of motor proteins need not be direct. Instead, 'adaptor' complexes may bind to the motor complex and mediate the attachment of cargo. For example, the large multisubunit dynactin complex is broadly involved in the attachment of cytoplasmic dynein to a variety of cellular organelles [22] . In the case of kinesins, two potential adaptors have recently been identified: the ubiquitously expressed AP-1 complex involved in the transport of the mannose-6-phosphate receptor [23] , and a neuronal-specific adaptor complex [24] .
Setou et al. [24] have shown that, in mouse neurons, the unconventional kinesin KIF17 is responsible for the selective dendritic transport of vesicles containing a neurotransmitter receptor subunit, NR2B, that is involved in neuronal plasticity. The connection between KIF17 and the NR2B-containing vesicles is established through a heterotrimeric complex containing the mammalian homologs of the well-studied proteins LIN-10, LIN-7, and LIN-2 of the nematode Caenorhabditis elegans. The KIF17 heavy chain was shown to bind directly to the LIN-10 subunit of the complex. Mutational analyses in C. elegans first demonstrated that all three LIN proteins are required for asymmetric localization of membrane receptors to the basolateral and synaptic membranes in polarized epithelia and neurons, respectively [25, 26] . The heterotrimeric complex may act as a membraneassociated scaffold with multiple PDZ domains, which recruits receptors, channels and cell-adhesion molecules to help organize specialised membrane junctions [27, 28] . Alter-natively, the work of Setou et al. [24] raises the possibility that the heterotrimeric complex is a specialized motor adaptor that may deliver components to the synaptic and postsynaptic membrane junctions in polarized neurons.
A better understanding of how transport within the neuron provides for the assembly of specialized synaptic junctions, neurotransmission and neuronal plasticity is of obvious significance. The studies highlighted above advance our understanding of specific mechanisms that link kinesins to cellular cargoes. Candidate components involved in direct and indirect mechanisms of cargo attachment in neurons have now been identified. It seems certain that the continuing quest to uncover additional determinants and the principles that orchestrate intracellular transport will lead to many exciting discoveries in the near future.
